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ABSTRACT: The objective was to determine the ffectit’eness ofa regular prescribedburning program for
by

reducing tree mortaljix in southern pine forests burned - wildfire. This study was conducted on public and
industry lands in northeast Florida. On the Osceola National Forest, mean mortality was 35% in natural
stands and 43% ha plantations tao growing seasons after a June 1998 wildfire. Burn history significantly

/no)iality n’,th thosaffrcteel e stands prescribe-bnrned 1.5 yrpriorto the wildfirehaving the lowest anortality,
while stands prescribe—burned 2 or more ceo rsprior had higher mortality. Although significant tree mortality
did occur on the Osceola National Forest. vith all trees killed in some stands, many trees in other burned
stands didsurs’ive. The overall mortality was lower in both plantations and natural stands on the Osceola than
at Tiger Bay where /2resCnbed burning had been less frequent. The highest mortality rates occurred on the
Lake Butler Forest where prescribed burning had not been used since plantation establishment. Thus, a
regular prescribed burning program will rednce mortality following wildfires in both natural and planted
stands ofsouthern pines onflani’oods sites, even when wildfires occurundersevere drought conditions. South.
J. Appi. For. 2&II:28—34.
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A snotedby DeBanoet al. (1998). thereis a generaltrendin
manyforesttypesof increasingfuelbuildupandthereforefire
Intensity with a lengtheningof thefire-return interval. Thus
thereexistsan implied relationshipbetweenoverstory tree
mortality and time since the last burn. Mortality can result
from high-intensitycrown damaging fires or from hiTh-
severitygroundfiresconsumingaccumulatedlitteraroundthe
basesof trees (Ryanand Frandsen 1 99]).

Fuel buildup is quite rapid the first 10 yr following
disturbancein the saw palmetto (Serenon repens I Bartr.
SmaH)l gallberry (11ev glabra L.) fuel complex found on
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flatwoodssites in the southerncoastalplain (Sacketh19Th.
McNabet a]. 1978).Fordecades,frequent,regularjudiciotis
useof prescribedburninghasbeenpromotedas a practical
methodtolimit theaccutnulationof thesefuels.Pastresearch
supportsthe assumptionthat wildfires would be kept small
anddamagelimited with regularuse of prescribedburning.
DavisandCooper(1963)foundastrongrelationshipbetween
theacresburnedin wildfires andelapsedtimesincethelast
prescribedburnfor sitesinNorth Florida andSouthGeorgia.
They also found that height of bark char,a measureof fire
intensity,wasrelatedto theageof therough.i.e.,yearsof fuel
accumulation.Martin (1988) indicatedfire intensityduring
the Florida wildlires of 1985 wasloweron areaspreviously

prescribe-burned
Much recentresearchin the Southhasconcentratedon

treeittjurs’ andgrowth following prescribedburns (Bover
1987, Johansenatid Wade 1987. Lilieholm and Shih-
Chang 1987.Weiseet al. 1990).Little information exists,
however,on tree mortality following wildfires in areas
where fuels are routinely reducedthrough prescribed
burning. The primary objective of this study was to
determine the effects of fuel managementthrough
prescribedburning (In wildfire severity as measuredby
overstorydamage.The null hypothesiswasthat during a
severedrought,prewildfire fuel treatmentshaveno effect
on fire severity or overstory mortality. A secondary
objectivewastodetermineif overstorymortality is related
to otherfactors suchas sitemoisturelevel.
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Methods

This study was initiated following the 1998 Florida
wildfires. An attempt wasmade to locate plots throughout
northeastFlorida covering a range of prescribedburning
regimesresultingin fuel builduptimes of 3 monthsto 10 or
moreyears.Extensivesalvageoperationson industry-owned
landsprior to the initiation of the study limited the stands
availablefor sampling.Thethreeareasselectedfor thestudy
were the USDA ForestService’s OsceolaNational Forest,
GeorgiaPacific’sLakeButler Forest.andFloridal)ivision of
Forestry’sTigerBay Forest.Threeadditionalstudysiteswere
addedduring the2000wildfire seasonto increasethesample
sizeon industriallandsandto verify resultsfrotn public lands.
Theseincludedawildfire areaon theOsceolaNationalForest
and two wildfire sites on land owned by Georgia Pacific
(Table I).

Samplestands from the 1998 wildfire on the Osceola
National Forestwere in a 25,000-acareaof Ilatwoodsforest
typecontainingnaturalstands,with a mixtureof slash(Pinus
elliottii Engelm.)andlongleafpine (P. palustris Mill). and
slashpine plantations.Intermixedthroughoutthe areawere
wet depressionalpondsandstandsoccupiedby slashpine,
pondcypress(Taxodium distichum var. nutctns [Ait] Sweet),
swampblackgum(Nyssa sylvatica var. biflora [Walt.] Sarg.),
and loblolly bay (Gordonia lasianthus EL.] Ellis). The
understorywas typical flatwoods containing a mixture of
grasses,sawpalmetto,andgallberryondryandenoist sitesand
loblolly bayandfetterbush(Lyonia lucida (Lam.] K. Koch)on
wetterareas.Theentireareahadbeenmanagedwith regular
prescribedburning for the previous25 yr, using dormant
seasonburnsfor 20yr andgrowingseasonburningduring the
most recent5 yr.

On June3, 1998 when the Keetch-Byramdrought index
(KBDI) (Keetchand Byram 1968) was above700. an arson
fire was setat six to eight locations.KBDI isa measuteof the
relative dryness basedon precipitation and potential
evapotranspiration.which ranges from 0 to 8(}0. Wildfire
intensityislikely to beextremeandcontrol (lifficult for KBI)i
valuesabove600in thespringor 650in thesummerin Florida.
Thus, it was notsurprisingthat this wildfire bLmrnecl I 8.000ac
in4 dayswhentheKBDI was750.temperatureover9IYF.and
relativehumidity 35kv.

All pine standswithin the 1998 burnarca on the Osceola

NationalForestwerestratifiedby origirm asnatumalorplanted.
Twenty-onestandswemerandomlyselectedfrom eachtype (or

samplingbetweenNovember1998armd February1999.Within
eachstand,five circularplotswerelocated 100 ft apartalong
a transectwith a randomly selectedstartingpoint. Plot size

variedwith treedensityfrom 0.025to 0.124acto sample15
to 20 treesperplot. Whendominanttreeheight was greater
than 50 ft. all pines with a diameterat breastheight (dbh)
greaterthan2 in. weremeasured.In plantationswithdominant
treeslessthan 50 ft tall, all pinetreestaller than 4.5 ft were
measured.For eachsampletree, the species,dbh, condition
(live or dead),crown death(%), and bole char (%) were
recorded.Crowndeathwasdefinedastheportionofthecrown
with firekilledbranches.Crownscorchcouldnotbeaccurately
determinedbecauseof thetimelag betweenthewildfire and
datacollection.Thefirst five live treesgoingclockwisefrom
north in eachcircular plot were labeledand resurveyedin
October 1999 to determinesecondyear mortality rates.At
eachplot, sitetype (dry, moist,orwet),basedon topographic
position and understoryindicator species,was noted.The
burnhistory(time sincelastprescribedburn)andwildfire type
(headingor backing)were obtainedfrom OsceolaRanger
District records.

The wildfire on the OsceolaNationalForestin 2000was
also an arson fire set in flatwoodstype similar to the area
burnedin 1998.BeforecontainmentonMarch II. it burned
6,179acwith 1.820acon ForestServiceproperty.TheKBDI
was500 on thedayof ignition andincreasedto 540beforethe
wildfire wascontained.I)uring thewildfire, minimumrelative
humidity averaged30%,maximumtemperatureswerein the
mid 80s,and wind speedsvariedfrom 3 to 14 mph.Themost
recentprescribedburn of the Forest Serviceproperty had
occurredin 1997.All sevenof the naturalpine standswithin
theburnedareaon theOsceolaNationalForestwere sampled
1 yrafterthewildfire usingtheprocedurespreviouslydescribed.

I)atawerealsocollectedfrom 10standsatTigerBay State
Forest(Table I). Theplantationswerein two ageclasses,10
or28 yr old. The 10-yr-oldplantationshadagrass-dominated
understorvwhile the older plantationshad an understory
dominatedby loblolly bay.Threestandsweresampledon the
LakeButler Forestthat had burnedby wildfire in June1998.
Standswere 12-to 15-yr-oldslashpineplantationsestablished
by machineplantingonchopped,raked,andbeddedsites.The
understoryhad beensprayedwith Triclopyr 9 to 21 months

priortothewildfire. Herbicidehadkilledmostof thegallberry,
but the deadstemswere still standingbetweenthe rows of
pines. No prescribedburning had been conductedin the

plantationssimice estabiishnient.
.Sotne salvagecuttittm=had occurredat Tiger Bay State

Forestand theLakel3utlerForestin 1998.At TigerBay,some
biaswaslikely introducedbecausethestaffhadselectedthe
mostseverelydamagedolderplantationsfor harvestfirst. and
they were not available for sampling. On the Lake Butler
Forest.muchof the 1998 burnareahadbeensalvaged.Areas

Table ‘I. Location and characteristics of stands sampled following wildfires in Florida.
Location Wildfire dates Foresttypg Prescribedburnhistory
OsceolaNationalForest June1998 Naturalmixed longleaf/slashpine andstash Every 3 to 4 yr for previous25 yr

pineplantations
Tiger Bay State Forest June t 998 Naturalmixed longleaf/slashpineandslash Every 3 to 6 yr since1994

pineplantations
LakeButler Forest June 1998 Slashpineplantations No burning
OsceolaNationalForest March 2000 NaturalmixedlongleafYslashpine Every 3 to 4 yr for previous25 yr
Lake Butler Forest June21)00 Slashpineplantations No burningsince1993
WaldoArea Forest June2t)00 Slashpineplantations No burningsince1993
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sampledweresmallerportionsof standsatoundtheperimeter
of theWildfire andasmall wildfire that hadnotbeensalvaged.

Oneof the wildfires sampledon GeorgiaPacific land in
2000occurredon theLakeButlerForestwithin 5 milesof the
standssampledin 1998. It was ignited on June5 whenthe
KBDI was 660 andcontainedthat sameday.The250ac 17-
yr-old slashpine plantationburnedb~ this wildfire was last
prescribe-burnedin 1993.Theother200()wildfire on Georgia
Pacificlandswaspartof alargerarsonfireseton May 30 west
of Waldo,florida. whenKBDI xvas678. Befotecontainment
ott June8. the wildfire burnednearly 5000 ac of slashpine
plantations,rangingin agefrom 15 to 25 yr. Noneof the 10
plantationssampledhad beenburnedsince 1993.but some
hadreceivedaTriclopyrherbicidetreatment.Twoplantations
that hadno herbicideand two each tm~eated in 1996, 1997,
1998,and 1999 were randomlyselectedfor sampling.All
sampleplots weremeasured2 wk followirtg the wildfire.

Datafrom the1998wildfire ontheOsceolaNationalForest
werecomparedusinganalysesof variancein an unbalanced
split-split-plot design (Snedecorand Cochran 1967). The
mainplot wasprewildfire fuel treatments.whichweredoneon
a compartmentalbasis.Wildfire type was at the next level
becauseit was the sameover an entirestand.Site moisture
level wasthe sub-sub-plotfactor that wasassignedfor each
sampleplot within a samplestand.Responses’ariablestested
by this techniqueincludedtreemortality andbasalarealoss.
Data from plantationsand natural stands were analyzed
separately.

A pooled measureof wildfire severity was assignedto
1998 Osceoladata basedon a damageindex calculatedby
multiplying meanpercentcrownloss by meanpercentbole
charon a sampleplot and thendividing by 100. Plots were
categorizedin four levels with damagemdcx less than 25 at
level 1, 25 to 50 level 2, 51 to 75 level 3 and greaterthan 75
level 4. Percentrelativetreesizewascalculatedfor eachtree
by dividing itsdbhby themeantreedbhfor theentireplot and
then multiplyingby 100.ThisvaluewasWeti averagedfor all
live anddeadtreeson a plot.

Regressiotiwasusedto test for rehttionshipsbetweentree
mortalityandplot density,plot basal n-ca necbole char,and
treecrownloss.Standardlinearandbc tstmc. m ept-ession(Hititze
I 99f))wasalsousedtotestfor a tel it.ton’htpbetweendeko,’ed
niortalitv andbolecharor ero~\r I ss N m ccIt-cc mortality
for eachstandwas calculatedfot d~tu ltotn ricer Bay State
l~oTe5l. This was emsedto testa recmessmomtcqnationdeveloped
from 1998 OsceolaNational Fore’~t is tldtttr datatodetermine
if time since last prescribedburn was a good indicator oh
niortalicv from wildfire.

l~esuIts
Osceoia National Forest

Natural standsbttrned in 1998 on the OsceolaNational
Forest contained mostlypole (5 to9 in. I andsawtimbersize(>
9 in.) trees.Theaveragedbhfor sampletreesinnaturalstands
was9.6 in. Meanheightfor dominantsandcodominantswas
85 ft. Plantationsrangedin agehom 8 to 35 yr. Averagetree
dbh iii plantationswas5.7 in., andmeanheight was52.5 ft.

Eightofthe21 plantationssampledhadmeanheightslessthan
50 ft. All naturalstandsand plantationswith treesover50 ft
tall hadbeenthinnedat leastonceprior to the wildfire. Basal
areaaveraged66 ft2lac in naturalstandsand70 ft2lac for
plantedstands,excludingthetwo seedlingplatitations.

Burn Interval
Wildfire severityand therefore tree mortalhy varied. In

some stands,the wildfire totally consumedmost crowns,
directlykilling the trees.hi otherstands,treeswerestressed,
and many succumbedto bark beetleattacksoverthe first
summerandfall followingthewildfire. Somestandshadlittle
apparentdamageand only a few deadtrees.After thefirst
growing seasonfollowing the wildfire, mortality averaged
27%innaturalstandsand41%inplantationsbasedonsternsl
ac. Additional treesdied during thesecondgrowingseason
increasingmortalityto 43%inplantationsand35%innatural
stands.Averagetreemortality after the first growingseason
viaslowestinareastVtathadbeenprescribe-burned1.5yrprior
to thewildfire (Figure 1). Mortality washigherfor thoseareas
prescribed-burnedwithin 6 months of the wildfire andfor

those burned2 or more years before the fire. Additional
mortality during the secondgrowing seasonwas evenly
distributedacrossall prescribed-burnhistories. Mortality
remainedlowestonareasprescribed-burned1.5 yr prior tothe
wildfire and was significantly higher in standsprescribed-
burnedwithin the last 6 monthsor 2 or moreyearsprior to
wildfire in both plantationsandnaturalstands.

Basalarealossaveragedabout5% lessthan lossbasedon
numberof stems.butfollowed thesamepatternwith soxaXlest
lossesin standsthatwereprescribed-burnedI .5 yrprior to the
wildfire for bothnaturalandplantedstands.Meanbasalarea
losswas22% in naturaland 36%in plantedstandsat the end
of the first crowingseasonfollowingthe~vildfire.By theend
of thesecondgrowingseason,basalat-calosshadincreasedto
31% in natural standsand38% in plantations.

Time sincethe lastprescribedburnhada significanteffect
on relativewildfire intensitybasedon damagelevel index.
Standsprescribed-burned1 .5 yr beforethe wildfire had low
tntensitteswtth 93%of thesample~lo~ at level I intensityand
no plots in levels 3 or 4 (Table 2). As time since the last
prescribedburnincreased,thepercentof thesamp.teplotsat
the highestintensity I level hoUr) alsomet-eased.

Site a;td 1-it-c 7’<pe
Relativemoistot-elevel ofart areaimiflyteticed treemortality

w ithirt tialural slamidswherelosseswet-c si gniheartIly higher
on wetterateas(Table 3). Therewere rut plantationson the
wettestsitesatid no differencein treemeirtalitybetweendry
and moist areas.Therewereno significantdifferencesin tree
mot-tality betweenareasburnedby headingwildfire andthose
btjrned by backing wildfire in eitherplaniauionsor natural
stands.Lossesbasedon basalareawere abotmt 5% less than
mortalit v basedon numberof stems.bat followedthesame
patterns.

Tt-ee Size
Therelativedbhoftreeskilled by wildfire in tiaturalstands

was 14%lessthanmeantreedbh.whilethe treesthatsurvived
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Table 2. Distribution of sample plots by damage
level index, for stands of southern pines following
June 1998 wildfire on the Osceola National Forest,
Florida.

Time since last prescribedbum tyr)

t)amagelevel* t).5 1.5 2 2.5
%of plots)

40 93 62 53
2 23 7 IS II
3 27 1) S 16
4 10 (1 IS 20

*

thewildfire were6% largerthanaverage.Relativesizeoftrees
killed by wildfire was24%lowerthanmeantreesizein natural
stands prescribe-burned1.5 yr before the wildfire. In

plantations,deadrelativetreediameterwas 10%smallerthan
the overall averagetreediameter,while treesthat survived
wildfire were 6% larger comparedto averagetree size. As
with naturalstands,treeskilled by thewildfire hadthelowest
relative diameteron sites prescribedburned 1.5 yr before
wildfire.

Althoughdbh didaffectmortality,therewasnorelationship
betweenmeantree height andmortality from the wildfire.
Young shorttreesin plantationshadaveragemortality rates
similar to thoseof largetreesin natural standsif all other
factors,suchas time sincethe last prescribedburn andsite
moisturelevel,wereequal.in addi6on,treemortalitywasnot
significantly related to stand density, expressedas either
stems/acorbasalarea/ac.

DelayedMortality
Methodsto predictpotentialmortality in fire damaged

treescan aid in salvagedecisions.Logistic regression
analysesindicatednorelationshipbetweenlikely condition
(live or dead)of treesafterthesecondgrowingseasonand
heightorpercentbolechar.A significantlogisticregression
was found for both naturaland plantedstandsbetween
conditionafter the secondseasonand percentof crown
lossattheendof thefirst season.However,theseregressions
hadlow r squarevaluesandperformedpoorly,especially
in plantationswheretreeswerepredictedtolive regardless
of the level of croxvn loss. The mosteffectivesystemfor
predicting delayed mortality was based on simple
classification into crown loss levels. In planted stands,
delayedmortality was low and mosttreesalive afterone
seasonwerealso alive after the secondseason,although
therewas a slightly increasedchanceof mortality when
crown loss exceeded75% (Table 4). In natural stands,
oncecrown lossexceeded70%, secondseasonmortality
increasedsubstantially.Theprobabilityof a treesurviving
with greaterthan 75% crow-n losswaslow.

Table 3. Average mortality of overstory southern
pines by site moisture level and fire type after
second growing season following June 1998 wildfire
on Osceola National Forest, Florida.

Naturalstands Plantedstands
Mortality (%)
(samplesize)

Relativemoisture level
Dry 26a* 28a

(43) (77)
Moist 33a 34a

(41) (28)
Wet 65b

(21)
Fire type

l3ackftre 36a 21a
(40) (25)

Headftre 47a 41a
(65) (80)

the

0
0.5 1.5 2 2.5 3

Damage index cateulatedby muttipiving mean percent crown
lossby mean percentbole char divided by tOO. Index tess than
25 ectuals level 1, 25 to 50 level 2. 51 to 75 level 3 and greater
than 75 level 4.

\t
1jthjn a cotummi. For each seetion.meansnot followed by

sameletter are significantly differentat the0.05 level.

0.5 1.5 2.5

Mean Time Since Lash Prescribed Bum (Years)

Figure 1. Mortality of southern pine trees after first and second
growing seasons following June 1998 wildfire in natural stands
and plantations on Osceola National Forest, Florida. Letters
denote significant differences at 0.05 level.
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Table 4. Second year mortality I-ates for southern
pine trees by crown loss category after June 199~
wildfire on Osceola National Forest.
Ct-own loss (Fat Natural stands Plantedstands

[Treemortalit\ t%) I
I—b

10 25
26—50
5190
71—75
76—95

S12
II
13
56

_____ ____ 8

Standsburnedon theOsceolaNationalForest in the 200(1

wildfire hadaveragetreedbh rangingfrom5.7 to 7.6 in. with
an overall meanof 6.5 in. Meanbasalareawas73 ft2/ac with
a iangeof 58 to 113 ft2/ac. Averagett-ee mortality from the
wildfire was 35%.Therewasno differencein mortality rates
on dry andmoistplotswheretheaveragedeathratewas I 59~ -

Mortality was significantlyhigheron wet plots,however,at
75%.Forall stands.corobieted.deadtreeshadact averageclbh
of 5.3 in. while live treesaverage(l7.2 in. Basal arealoss
averagedonly6% on dry andmoist sitesbut 64% of thebasal
areawasin deadtreeson wet plots.

Tiger Bay State1~orest
At TigerBay.meantreedbh was 8.5 itt. for naturalstands.

5.6 in. for plantations28 yr old. and 3.1 irt. or plantations10
yr old. Naturalstandsandolderpluettationshadsimilarbasal
areasat 91 and 100 ft2/ac. respectivels. while younger
plantationsaveraged30 ft2/ac. Tree mortality 2 glowing
seasonsafterwildfireaveraged61%in natttralstandsmid55%
in plantations.

Datafrom TigerBay StateForestprovidedan opportunity
to test for a generalrelationshipbetweerttreemortality and
timesincethe lastprescribedburnbeforewildfire diccutTenee.
A regressioneqttationw-asgenci-atedLtsing datacollectedon
dry and moist plotsin naturalstandson theOsceolaNational
Forest.Theregression(Percenttreemortality= 11.71 + 11.74

timesincelast but-n in years)althoughsignificant had an r
squareof only 0i6. Thus.much nf the \‘ariatiott in the data
wascausedby otherfactors.Thisequation~vasappliedtodata
from the natural standsat Tiger Ba~ to test tts usefttlness
(Table 5).

(;eorgia Pacific Forest Lands
Phttitatiotm santplcdoti Lakc 13 nt Icr fot~-~t after the 1998

wildfires hadsamplett-ecs \vith a tiiean dhlt of 5 Zi tti - andati
avet-ageheight of SOft. Otily threestattdsweresampled.but

Table 5. Predicted and actual mortality rates for
southern pines in natural stands on Tiger Bay State
Forest burned by June 1998 wildfire.
Time sincelast
rescribedburn vr) Predicted ___ ____ Actual

[Treemortality (i~ of]
23 ND’~
35 ND

-~ 47 __

4 59 82
5 7(1 ND
6 82 _____ 80 ___

No data becauseso standi that bumed hail tI; is hi stor~~ ot
t)rcscribcdburolim.

tnortality levels wet-c 100% after the fit-st gro\vtng seasontn

two standsand 67% iti the third. This gaveart avet-agetree
mortality follov, ing wildfire of 89%-

Plantations satnplecl immediately following the 2000
wildfires hada ttieati tree dbh of 6.5 itt. Meanstandheights
rangedfrom 35 ft to 61 ft with ati averagefor all stands
combinedofS3 ft. Standbasalareatangedh~om 57 to I lOft2!
acwith anoverall meanof 81 ft2/ac. Treeskilled by wildfire
hadan averagedbh of 6.1 in. atid an averageheightof 52 ft.
while live treesavet-aged8.3 in. dbhand62 ft tall. Theoverall

mortality ratewas85%.Plantationsthat hadbeentreatedwith
hetticidein 1997appearedto havelost fewertreesthanstands
sprayedin other yearsor thosenot treated with herbicide

(Table 6), but there were not enoughsamplesto test for
significance.

Discussion

Tree mortality following the 1998 wildfire on Osceola
NationalForest wasinfluenced most by time sincethe last
prescribedburn.AccumLtlationof understoryandforestfloor
fuels in longleafand slashpinestandsis rapidduringthefirst
10 yr following a prescribedbttrn (McNab et al. 1978). In
addition.prescriptionburntngt sgenerallydoneunderweather

conditionswhereotll\ part of this fuel is consurtied.During
severedtought conditions, however,consumptionof the
understoryandforest floor by wildfire is virtually complete.
Thus, it is not surprising that mortality levels increased
significantly in those standsthat had not beenpi-escribed
burnedfor 2or moreyears.Thelowestwildfire seyct-ity.based
on damagelevel index, occurred in stands that had been
prescribe-burned1 .5 yr prior to the wildfiic. Thosestands
burned1.5 yr prior to wildfire alsohadthe lowestmortality.
The low- severityandmeantreemortality in both plantations
andl natural standsort the OsceolaNational Forest likely
occurredon thoseat-casbecausetheyhadnot yetaccumulated
largeamountsof fuel ~Bt-oseandWade~0O9) becausethey
had only onefull gt-o~ ing seasonsince the last prescribed
burn-

Although statids burnedjust beforethe Osceolawildfire
had not accumulatedtnuch new understotxgt-owth. these
statidshadaquatltitv ol sniall stanchng deadwood}’ stemsand
freshfalleti needllc~.cadtscdhN ptcscribedburncrowti scotch.
that cotttrihutcd ti lire scvcrit\ . as shown h\- the clamace
iticiex - In addition. tt-ees in thesestatidshad lintited titne to
recover I rotti stressof ptcsct-ihedburnitig prior to wildlit-c
becausemost of thesestandshadbeenhurtied just 3 months

beforethe‘s ildlfiteTlte combitiedlstressdtf ptescribedburnirme
andwildfire tti a short time likely causedthe iticreasein tree

Table 6. Tree mortality from 2000 wildfire in
northeast Florida slash pine plantations, with or
without_herbicide. ______ ___

Herbicideapp! cation yr Plots Tree mortalits’
befote fire) _______ ______ - sampled (%) —.

No Herbicide 10 91

10
A -,

97

I fto
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mortality. Increasedmortality on wet sites was also likely
t-elatedtogreaterfuelquantities.Prescribedburningnormally
createsamosaicburnpatternin theseflatwoodstypes,asthese
firesrarelyenterthewetterdepressions.Whenthesewetareas
doburn,it istypically alight surfaceburn that consumesd)nly
a portion of the understoryand little of the litter and duff
becauseit istoowet toburn.However.underextremedrought
conditions,bothcoverageandconsumptionof litter, duff, and
understoryarenearlycomplete,resultinginhigh treemortality
asoccurredon wet sitesforboth 1998 and2000 wildfires.

A headfirecan producegreaterintensities, but backing
fires can causegreatercambial heating near the ground
becauseof theirincreasedresidencetime(Wadeandlohansen
1986). Treesin standssampled in this study burnedby a
headingwildfire hadgreaterinitial crowndamage.while trees
in standsburnedwith a backingwildfire hadhealthygreen
crownsfor a numberof weeks.However,d)fl at-easwith 2 or
more years of fuel accumulation.thesetreesexperienced
substantialbarkbeetleattackandsubsequentmortality dluring
latesummerandfall. Thus,therewasno significantdifference
in meantreemortalityby fire type.eventhoughthenatureof
theinjury to treesdiffered.

Meanbasalareamortality for natural standson dry and
moist sites was 27%. This was the same rate found for
plantations after adjusting for an imbalance in sample
distribution.Therewas agreateramountof delayedmortality
in naturalstands.In plantations.most of the treesthat died
were alreadydeadby the end of the first growing season
followingwildfire. Greaterdelayedmortalit innaturalstands
likely resultedfrom largertreesbeing ableto survive longer
following girdling from severecambial damagebecauseof
greatercarbohydratereserves.

Whenselectingtreesfor salvagefollowing wildfire, it is
desirableto selectthosenot likely tosurvive.Thus,if delayed
mortalitycanbepredictedbasedon treedamageit will aidl in
thisdecision.Bolecharexpressedaseitherpercentdsf thetotal
boleor absoluteheight hasbeenusedsuccessfullyto predict
mortalityinwesternconifers(Petersonet al. 1991.Regelbrugge
andConard1993).This variablewasnot a reliableindicator
of mortality in this studyor for othersworking with southern
pines(Bourgeois1985,Mann and (;ut~ter1960. Villarrubia
andChambers1978).Crown loss,however.waseffectivefor
predictingdelayedmortality in naturalstands,whereall ttees
with greaterthan 70% crown loss had a high probability of

dying.
Mortality following both 1998 and 2000 wildlfires was

greaterfor the smallertreesin a stand.Thiswas apparentby
thedifferencein relativetreediameterbetweendlcadandlive
trees.It wasalso the reasontreemortality basedon stems/ac
was higherthanbasalarealoss.However,averagemortality
wasno greaterin youngerplantationswith smallertreesthan
it was in olderplantationswith larger trees.Therefore,tree
sizerelativetotherestof thestandwasthedeterminingfactor.
Thislikely resultedfrom greatercrowndamageto the smaller
thanaveragetreesin a stand.

Although some standson the Osceolahad 10(1% tree
mortality,manytreesin burnedareadid surviveeventhough
wildfire occurredunderextremeconditions.No areasin any

samplestandswereleft unburned.Thus,survival wasnotdue
totreesescapingthe wildfim-e. Overall,treemortalityaveraged
less than 40% from the 1998 wildfires; but this could have
beenthe resultofprescribedburningorjustachanceoccurrence
since the prescribedburn treatmentswere not applied at
random. Results from the 2000 wildfire on the Osceola
validate1998datawithasimilaroveralltreemortalityof3S%.
This benefitof prescribedburning hasalso beenshownby
others.ln theNew JerseyPineBarrens,Moore et al. (1955)
reported tree mortality following a wildfire was 64% in
previouslyunburnedareasbutonly 17%in areasprescribed-
burnedduringthepreceding3 yr.Prescribedburningprovided
similar reductionsin tree damagefollowing wildfire under
extremely dry conditionsin the sameareaof New Jersey
(Cumming1964)andin theponderosapine(Pinusponderosa)
type in Arizona (Wagle and Eakle 1979). Under severe
droughtconditions,which occurevery 10 to 20 yr, mortality
of southernpinesfollowing wildfires in areaswith 5 or more
yearsdtf fuelaccumulationishigh(Eldredge1935).Thosefew
treesthatdo survive the immediateeffectsof thesewildfires
areusuallykilledby subsequentbarkbeetleattacks.Bickford
andBull (1935)reportedneartotalsouthernpinemortalityfor
sucha wildfire in standswith a 16 yr rough.The 31%basal
arealoss measuredin plantationsand 38% in naturalstands
after the June 1998 Osceolawildfires was quite low by
comparison.Increasedmortalitywith timesincethelastburn
found in the current study also indicates that prescribed
burningcanreducetimber loss.

Wet siteson the Osceolaaccumulatefuels becausethey
normally do not burn during prescriptionburns.Mortality
ratesfor the 1998and2000wildfires weremorethan twiceas
highon thesesitesas on moistsiteswhereregularprescribed
burning had reducedtotal fuel loads.At Tiger Bay State
Forest,whereprescribedburningwaslessfrequent.mortality
was55% in plantationsthat hadnotbeenprescribed-burned
for 6 yr and61% in naturalstandsw-heretime sincethelast
burnrangedfrom 3 to 6 yr.Thus,a regularprescribedburning
program,althoughit will notpreventall losses,doesreduce
tree mortality if a wildfire occurs.This reduction in tree
mortalityoccursinbothnaturalandplantedstandsof southern
pinesd)n flatxvOOdhssites, evenwith wildfires underextreme
drought conditions. Fuel reduction is the key. A regular

prescribedburningprogt-amkeepsbothfuel accumuiatid)nsd)n
theforestfloor andlunderstorystaturewithin tolerablelevels.
Regularprescribedhburning alsopruneslower branchesand
limits developmentof ladlderfuels that can lead to oreater
crown damagedhuring a wildfire. Once fire meturn interval
exceeds4yr in thiscommunitytype.wildfirescanbeexpected
tocausesignificant increasesin overstorymortality.

On the LakeButler Forest,whereprescribedburninghad
not beenused,mortality averaged89% in plantationsburned
by wildfire in 1998.Thesestandshadreceivedherbicidesless
than 2 yr priorto the wildfire. Similar standstreated l to4 yr
prior to the 2000wildfire had averagetreemortality of 85%.
Theseherbicidesmaybeableto decreasethefireline intensity
of subsequentwildfires (BroseandWade2002), but thereis

a hagperiodfollowing application.After herbicidetreatment,
dead stemsof woody ground flora are still standingand
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contain a substantialamount of needle drape. Until these
stemsdecaysufficiently to fall overand t-educetheheight Of

the flammable layer. they can increasetree mortality from
wildfires. Sawpalmettoisresistantto theherbicidetreatment
used,and thus likely increasesin cd)ver in responseto the
removalofcompetition.Evenwherepalmettois notprevalent,
the herbicidetreatmentonly removesthewoody understory
fuels, but doesnot reducetheaccumulationof needlesin the
forest floor. Under severedrought conditions,wildfire is
likely to causehigh mortality becauseof root and cambial
damagefrom consumptionof this accumulatedfuel. Even in
thestandstreatedlin 1997wheremortality wasonly 53%,the
survivingtreeswereseverelyimpacted.Averagecrowndeath
was92 o, anddelayedmortality will likely be at least ~0%.
with significant growth loss in thosetreesthat do survive.
Thus,herbicideseemsto beapartialreplacementforprescribed
burningproviding wildfire protectionduringmost years,but
the risk of significanttree mortality is much higherthan in
prescribedburnedstandsif wildfires occurduring severe
droughts.
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